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ANNOTATION
The fate of bacterial cells injected intravenously into experimental animals
has been the subject of numerous studies since the initial observations of
Wyssokowitsch in 1886.'- Immediately after intravenous injections of a
suspension of bacteria, thousands of viable organisms can be demon-
strated in each milliliter of blood. As cultures are repeated, the colony
count of most bacterial species rapidly decreases during the first few
minutes or hours after injection. The blood stream may become sterile
or bacteremia may persist at low levels. The majority of organisms (60-95
per cent) that disappear from the blood during the initial rapid phase
of clearance in experimental bacteremia are removed by reticuloendo-
thelial cells in the liver and spleen. A smaller proportion of organisms are
removed by reticuloendothelial cells at other sites. Intravascular phagocy-
tosis by polymorphonuclear leukocytes"6 and the bactericidal activity of
blood may also play a role in removing viable bacteria from the blood,
but the reticuloendothelial cells occupy the position of prime importance.
With certain microorganisms capable of producing progressive infection,
the initial phases of clearance may be followed by multiplication of bacteria
in the tissues and this may lead to an increasing number of organisms
in the blood. The increasing bacteremia is not related to failure of the
clearing mechanism and removal of bacteria from the blood by reticuloendo-
thelial cells continues at a rapid rate. The eventual fate of the host is
determined by the balance between the capacity of bacteria to multiply in
the tissues and the capacity of the host to destroy them.
An efficient mechanism for removing viable bacteria from the blood
was known to exist in man, but definitive documentation of the tissue
sites of removal was not available until the studies of Beeson, Brannon,
and Warren' on the clearance of bacteria from the blood of patients with
bacterial endocarditis. As described in the original article, the degree of
removal of bacteria from blood flowing through various vascular beds
was studied in six patients with bacterial endocarditis by determining
arterio-venous differences in numbers of viable bacteria. Arterial and
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venous samples were collected simultaneously every several minutes for
periods ranging from 49 to 142 minutes. Arterial blood was obtained from
the femoral artery and venous blood was obtained from the right atrium
and femoral, antecubital, hepatic, and renal veins. Each sample was then
plated on suitable bacteriologic media and the number of colonies that
developed after incubation was counted. Table 1 is a summary of the
studies, with results expressed as per cent of bacteria removed from blood
passing through various vascular beds.
Clinical and autopsy findings in the six patients suggested that bacteria
were entering arterial blood directly from vegetations on the aortic
or mitral valve. The rate of discharge of bacteria into the blood stream
was surprisingly uniform in each patient as indicated by the infrequency
of significant variation in bacterial counts on the arterial blood specimens.
The disappearance of viable bacteria from the blood stream of each patient
was documented by the finding that the bacterial concentration in right
atrial blood was consistently lower than the bacterial concentration in
arterial blood. The data showed that 12-58 per cent of the bacteria were
removed as blood passed from the left to the right heart. Arterio-venous
differences in bacterial counts across splanchnic, renal, and extremity
vascular beds indicated that the greatest decrease in concentration of viable
bacteria occurred during flow through the splanchnic circuit. More than 90
per cent of the bacteria were removed from blood entering the splanchnic
vascular bed in four of the six subjects and 84 and 57 per cent were removed
in the other two. Although the decrease in bacterial concentration that
occurred in blood passing through the forearm and hand was slight, 34
and 42 per cent of the bacteria were removed from blood circulating through
the lower extremity in two patients.
Vegetations in patients with bacterial endocarditis harbor large num-
bers of bacterial cells, probably at least 106 to 109 per gram of tissue.
These organisms gain access to the blood stream in the vast majority
of patients. The observations of Beeson, Brannon, and Warrend (cultures
every few minutes for 49 to 142 minutes) and the studies of Weiss and
Ottenberg8 (cultures every four hours for two days) indicate that the
organisms usually enter the blood stream at a rather constant, practically
uniform rate. However, the authors point out that occasionally infected
particles or microcolonies of bacteria are discharged into the blood and
lead to a transient increase in numbers of circulating bacteria. This type
of event may have occurred in Beeson, Brannon, and Warren's patient
No. 3 in whom the bacterial count in the femoral artery progressively
increased from 63 to 697 organisms per milliliter in a period of ten
minutes, then promptly decreased to 86 organisms per milliliter 13 minutes
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later. These "bacterial showers" were observed by Weiss and Ottenberg8
in studies of four patients with bacterial endocarditis. In one patient a
transient increase from 150 to 1,500 bacteria per milliliter was observed
and in another an increase from 440 to more than 4,000 bacteria per
milliliter occurred within four hours. Changes such as these represent the
outpouring of millions of organisms into the blood stream.
An estimate of the number of bacteria entering the blood stream from
vegetations can be made from the data of Beeson, Brannon, and Warren.
Assuming a cardiac output of five liters per minute, the differences in
average bacterial concentrations in arterial and right artrial blood indi-
cate that from 2.1 x 106 to 7.4 x 107 viable bacteria per hour were
removed from the blood stream in the six patients that were studied. Since
the arterial counts remained relatively stable, the number of bacteria
entering the circulation must have approximated the number of bacteria
killed or removed. It should be noted that these calculations do not take
into consideration the possibility of removal of bacteria by the lung. The
degree of clearance of bacteria in the pulmonary vascular bed in man is
unknown. However, in certain animal species at certain stages of the
infectious process, the lungs may play a role in the removal of circulating
bacteria. Rogers' has shown that after the initial phases of E. coli bac-
teremia in rabbits the lungs become an efficient filter of bacteria, removing
as many as 50 per cent of organisms present in the pulmonary artery
flow. In these experiments, pulmonary trapping of bacteria was apparently
related to phagocytic activity of polymorphonuclear leukocytes deposited
within pulmonary capillaries as a consequence of the infection. Other
studies by Martin and associates9 showed no loss of bacteria from blood
flowing through the lungs of dogs receiving an infusion of Staphylococcus
aureus. Factors influencing clearance of bacteria in the pulmonary vascular
bed require additional study.
The practical implication of the observations indicating a continuous
discharge of organisms into the blood of patients with bacterial endo-
carditis is that alternately positive and negative blood cultures should not
be a prominent feature of the disease. Clinical experience confirms this
concept in that blood cultures in patients suspected to have endocarditis
are usually all positive or all negative.' Isolated positive cultures are seen
only occasionally. The studies of Beeson and colleagues showing only
minimal arterio-venous differences in bacterial content of blood flowing
through the forearm and hand also suggest that cultures of blood from the
antecubital vein would be positive as frequently as cultures of arterial
blood. Mallen and associates'0 performed cultures of blood from artery and
antecubital vein in 88 patients suspected to have bacterial endocarditis.
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Cultures were positive for Streptococcus viridans in 17 patients, and in
every instance in which the arterial blood was positive, the venous blood
was also positive. These and other observations"' indicate that there is no
advantage of culture of arterial blood over culture of blood from the
antecubital vein in establishing a bacteriologic diagnosis of endocarditis.
The large number of viable bacilli entering the circulation for days
or months leads to hyperplasia of the reticuloendothelial system.8 The
large reticuloendothelial cells that occasionally can be demonstrated in
blood, particularly from the ear lobe, of some patients with bacterial
TABLE 1. SITES OF REMOVAL OF BACTERIA FROM BLOOD OF PATIENTS
WITH BACTERIAL ENDOCARDITIS
(Summary of results of Beeson, Brannon, and Warren')
Bacteria removed, per cent*
Patient Patient Patient Patient Patient Patient
Sites of removal 1 2 3 4 5 6
Total peripheral circulation 48 34 12 20 58 33
Splanchnic vascular bed 98 97 84 57 90 97
Forearm and hand .. 10 8
Lower extremity 42 34 ..
Kidney .. .. 15 8 .. 15
* Per cent bacteria removed-
bacteria per ml., arterial blood - bacteria per ml., venous blood X 100;
bacteria per ml., arterial blood
(Arterial and venous samples were collected simultaneously.)
endocarditis is probably a consequence of a generalized reticuloendothelial
reaction."' The prolonged antigenic stimulation also apparently leads to
the development of rheumatoid factor activity in serum of many patients
with bacterial endocarditis.' The wide variety of antibodies found in the
sera of endocarditis patients could give rise to antigen-antibody complexes
that might be important in the genesis of the glomerulonephritis observed
in some patients with bacterial endocarditis.?
The most important contribution of the studies of Beeson, Brannon,
and Warren7 was the demonstration in man for the first time of the
importance of the splanchnic tissues in the removal of viable bacteria
from the blood stream. This provided a firm basis for analogy between
the extensive studies of clearance of bacteria from the blood in animals
and events observed during bacteremia in man. As shown in Table 1,
nmre than 90 per cent of the bacteria was removed from blood passing
through the splanchnic circuit in four patients and 84 and 57 per cent
was removed in the other two. Since about 20 per cent of the cardiac out-
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put flows through the splanchnic circuit,' it can be calculated that approxi-
mately 5.4 x 105 to 2.5 x 107 bacteria per hour were removed in the
splanchnic vascular bed. This represents a large proportion (in four cases
more than 50 per cent) of the total number of viable bacteria removed
from the blood stream. However, it should be emphasized that not all of the
bacteria disappearing from the blood stream can be accounted for by
microorganisms removed in the splanchnic circuit, and it is obvious that
bacteria are removed, although to a smaller extent, at other sites. For
example, the removal of 34 and 42 per cent of the bacteria from blood
flowing through the lower extremity in patients No. 1 and No. 2 means
that 4,000 to 20,000 bacteria were being removed from each 100 ml.
of blood flow. The removal of bacteria in blood flowing through the
forearm and hand was much less impressive than in the lower extremity.
As pointed out by the authors, the differences observed in efficiency of
bacterial removal in the arm and hand as compared to the lower extremity
may be related to the character of the tissues drained by them. Additional
observations on the efficiency and mechanism of removal of bacteria from
blood passing through non-splanchnic vascular beds would be of interest,
especially in instances of prolonged bacteremia. The studies of Beeson,
Brannon, and Warren' do not permit definitive conclusions regarding the
relative activity of liver, spleen, or intestines in splanchnic removal of
viable bacteria. Nevertheless, the liver is clearly active since about 25
per cent of the hepatic blood flow comes directly from the hepatic artery
and does not pass through the spleen or intestinal capillary beds. As
mentioned previously, animal experiments and experience with other
particulate substances in man indicate that the bacteria are removed by
reticuloendothelial cells in liver and spleen.'
The constant entry of bacteria into the blood from vegetations for
weeks or months apparently does not constitute a threat to the functional
capacity of the reticuloendothelial system. Splanchnic trapping continues
to be efficient and unaffected by the protracted bacteremia. Studies in
animals suggest that the trapping capacity of the reticuloendothelial system
is rarely if ever exceeded with viable bacteria.! The trapping capacity of the
splanchnic tissues may be exceeded by administration of massive doses of
particulate materials, but the dose of particles required is far beyond that
used in the usual clearance studies or the numbers of organisms encountered
in bacteremia in man.2
SUMMARY
The studies of Beeson, Brannon, and Warren on the sites of removal
of bacteria from the blood stream of patients with bacterial endocarditis
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were performed in 1943-44. The newly popularized technique of cardiac
catheterization was utilized to obtain the blood specimens from veins
draining internal organs. The studies constitute the first demonstration in
man of the importance of the splanchnic removal mechanisms for viable
bacteria. In addition, information was obtained on the rate of entry of
organisms into the blood from endocardial vegetations and the relative
activity of vascular beds in the splanchnic area, extremities, and kidneys in
removing circulating bacteria. The studies represent an outstanding con-
tribution to our understanding of bacteremia and bacterial endocarditis.
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